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VDPSOHVKDYHEHHQDUFKLYHGDW05,DIWHUJDPPDUD\VSHFWURPHWU\PHDVXUHPHQWV$NLWDLVORFDWHGDWZHVWVLGHRI
QRUWKHUQSDUWRIWKHPDLQLVODQGRI-DSDQ)LJ,Q-DSDQWKHGHSRVLWLRQRIDQWKURSRJHQLFUDGLRQXFOLGHVRULJLQDWHG
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 
)LJXUH0DSDURXQGWKH-DSDQHVH,VODQGV  )LJXUH2XWOLQHRIWKHDQDO\WLFDOSURFHGXUHV

8UDQLXP LVRWRSH UDWLRV 88 LQ WKH DWPRVSKHULF GHSRVLWLRQ VDPSOHV ZHUH GHWHUPLQHG DFFRUGLQJ WR WKH
SURFHGXUHVLQRXUSUHYLRXVVWXG\.LNDZDGDHWDO7KHRXWOLQHRIWKHSURFHGXUHVLVVKRZQLQ)LJ$IWHUWKH
DFLGOHDFKLQJWUHDWPHQWWKHXUDQLXPLVRWRSHUDWLRVLQWKHOHDFKDWHVDFLGVROXEOHSDUWDQGUHVLGXHVDFLGLQVROXEOH
SDUWKDYHEHHQGHWHUPLQHGVHSDUDWHO\E\VHFWRUILHOG,&306$WWRP1X,QVWUXPHQWV/WG7KHREWDLQHGXUDQLXP
LVRWRSHUDWLRVLQWKHVDPSOHVZHUHQRUPDOL]HGWRWKDWLQVHDZDWHUPHDVXUHGDWWKHVDPHWLPHZKRVHLVRWRSHUDWLRLV
UHJDUGHGDVWKHQDWXUDOUDWLR7KHXUDQLXPLVRWRSHUDWLRRIDVDPSOHOHDFKDWHDQGUHVLGXHLVH[SUHVVHGDVDQDYHUDJH
YDOXHRIWKHVHDZDWHUQRUPDOL]HGYDOXHVLQPXOWLSOHPHDVXUHPHQWVN88 88VDPSOH88VHDZDWHU
7KHXUDQLXPFRQFHQWUDWLRQVLQWKHGHSRVLWHGPDWHULDOVZHUHGHWHUPLQHGE\TXDGUXSROH,&3066346(,.2
,QVWUXPHQWV,QF

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5HVXOWVDQG'LVFXVVLRQ
3.1 Uranium concentrations and isotope ratios in Akita deposits 
7KHN88YDOXHVDQGWKHXUDQLXPLQWKH$NLWDGHSRVLWVDUHOLVWHGLQ7DEOHZLWKWKHOHDFKLQJSURSRUWLRQV
RIXUDQLXPIRUWKHDFLGOHDFKLQJWUHDWPHQW7HPSRUDOYDULDWLRQVRIWKHXUDQLXPFRQFHQWUDWLRQVDQGWKHN88
YDOXHV REWDLQHG IURP WKH GDWD LQ 7DEOH  DUH VKRZQ LQ )LJV D DQG E 7KH XUDQLXP FRQFHQWUDWLRQV LQ WKH
GHSRVLWHG PDWHULDOV )LJ E VKRZHG VHDVRQDO YDULDWLRQV ZLWK ZLQWHU PLQLPXP GXULQJ WKH SHULRG IURP 
WKURXJKDOWKRXJKDSHDNRIWKHXUDQLXPFRQFHQWUDWLRQVLQRFFXUUHGLQ-XO\ZKHUHDVLQLWDSSHDUHG
LQ$SULO 7KHWLPHVHULHVGDWDRIWKHN88YDOXHVSORWWHGLQ)LJDVKRZHGGLVFUHSDQF\IURPWKHQDWXUDO
88UDWLR $OWKRXJKWKHUHLVWKHWHPSRUDOFKDQJHRIWKHN88YDOXHV WKHUHLVQRFRUUHODWLRQ
EHWZHHQWKHXUDQLXPFRQFHQWUDWLRQVDQGWKHN88YDOXHVLQWKHGHSRVLWHGPDWHULDOV,QDGGLWLRQWKH88
UDWLRV LQ WKH DWPRVSKHULF GHSRVLWLRQ VDPSOHV LQ$NLWD VHHP WR EH JHQHUDOO\ KLJKHU LQ WKH VSULQJWLPH WKDQ LQ WKH
VXPPHUWLPH
7KLV LV JRRG DFFRUGDQFH ZLWK WKH UHVXOWV RI RXU SUHYLRXV VWXG\ VXJJHVWLQJ WKDW WKH PLQHUDO GXVW FRQWDLQLQJ
HQULFKHGXUDQLXPRULJLQDWLQJIURPWKHQXFOHDUWHVWVLWHVLQWKH$VLDQ&RQWLQHQWKDYHEHHQWUDQVSRUWHGFRQWLQXRXVO\
WR-DSDQE\WKHSUHYDLOLQJZHVWHUO\ZLQGVZKLFKSUHGRPLQDWHLQWKHVSULQJWLPHVLQFHWKHV.LNDZDGD
,WPXVWEHQRWHGWKDWWKHUHHQWU\RIWKHIRUPHU8665UHDFWRUVDWHOOLWHRQ-DQXDU\PD\EHDSRWHQWLDOVRXUFH
RIWKHHQULFKHGXUDQLXPLQDWPRVSKHUH6DNXUDJLHWDO

7DEOH8UDQLXPFRQFHQWUDWLRQVDQGLVRWRSHUDWLRVLQPRQWKO\DWPRVSKHULFGHSRVLWVFROOHFWHGDW$NLWDLQDQG

2QWKHRWKHUKDQGGHSOHWHGXUDQLXP'8PLJKWKDYHEHHQGHSRVLWHGLQPLGEHFDXVHWKHN88YDOXHV
LQWKHDFLGLQVROXEOHSDUWVRIWKHGHSRVLWLRQVDPSOHVLQ-XO\$XJXVWDQG2FWREHULQZHUHORZHUWKDQXQLW\,W
LVGLIILFXOW WRDWWULEXWH WKH'8 LQ WKHGHSRVLWLRQVDPSOHVFROOHFWHG LQ WKHV WR'8ZHDSRQXVH VLQFH WKH ILUVW
ODUJHHPLVVLRQRI'8FDPH IURP WKH'8ZHDSRQV LV WKH*XOI:DU LQDFFRUGLQJ WR WKHFRPPRQYLHZ ,W LV
NQRZQWKDW'8LVXWLOL]HGDVDWDPSHURIWKHUPRQXFOHDUERPEV7KXVLWLVSRVVLEOHWKDWWKHRULJLQRIWKH'8LQWKH
$NLWDGHSRVLWVLVWKHUPRQXFOHDUH[SORVLRQV

678   Yoshikazu Kikawada et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  675 – 679 

)LJXUHD7KHN88YDOXHVLQDWPRVSKHULFGHSRVLWVLQ$NLWDE7KHXUDQLXPFRQFHQWUDWLRQVLQDWPRVSKHULFGHSRVLWVLQ$NLWD
F7KHPRQWKO\GHSRVLWLRQVRI&VDQG6ULQWKHDWPRVSKHULFGHSRVLWVLQ$NLWDDQG7RN\R05,G7KHPRQWKO\GHSRVLWLRQVRI
SOXWRQLXPLQWKHDWPRVSKHULFGHSRVLWVLQ7RN\R+LURVHHWDO

3.2 Correlations between uranium and other nuclear bomb-derived radionuclides 
7KHWHPSRUDOYDULDWLRQVRI WKHPRQWKO\GHSRVLWLRQRI WKHQXFOHDUERPEGHULYHGUDGLRQXFOLGHV LQ$NLWDDQG7RN\R
DUH VKRZQ LQ )LJV F DQG G LQ ZKLFK WKHPRQWKO\ GHSRVLWLRQV RI SOXWRQLXP LQ WKH$NLWD KDYH QHYHU EHHQ
PHDVXUHG
$VFDQEHVHHQLQ)LJFWKHODUJHDPRXQWVRI&VDQG6UKDYHEHHQGHSRVLWHGLQWKHILUVWKDOIRILQ-DSDQ
EXW WKHGHSRVLWLRQRI WKRVHQXFOLGHV LQZDVQRW VR VLJQLILFDQW$ ODUJHVFDOH WKHUPRQXFOHDU H[SORVLRQ LQMHFW
UDGLRQXFOLGHVLQWRWKHXSSHUVWUDWRVSKHUHDQGWKHQWKH\DUHWUDQVSRUWHGLQWRWKHWURSRVSKHUHDFFRUGLQJWRUHVLGHQFH
WLPHLQWKHVWUDWRVSKHUH+LURVHHWDO.DWVXUDJLUHYHDOHGWKDWWKHQXFOHDUWHVWGHEULVGHULYHGIURPWKH
ODUJH\LHOG 0W WKHUPRQXFOHDU WHVW FRQGXFWHGE\&KLQDRQWK1RYHPEHUKDYHEHHQGHSRVLWHG LQ -DSDQ
IURPWKHPLGEDVHGRQWKHVWXG\RQ6U6UDFWLYLW\UDLRVLQWKHDWPRVSKHULFGHSRVLWLRQVDPSOHVFROOHFWHGDW
7RN\R0D[LPXP DQXXDO GHSRVLWLRQV RI &V DQG 6U ZLWK D W\SLFDO VSULQJPD[LPXP GXH WR WKH VWUDWRVSKHULF
IDOORXWRFFXUUHGLQ&RQWUDU\WR&VDQG6UDPD[LPXPDQQXDOGHSRVLWLRQRISOXWRQLXPZLWKHDUO\VXPPHU
PD[LPXP KDV DSSHDUHG LQ  LQ -DSDQ )LJ G 7KHVH ILQGLQJV VXJJHVW WKDW WKH DWPRVSKHULF WUDQVSRUW DQG
LQMHFWLRQ SURFHVVHV RI SOXWRQLXP ZKLFK LV D W\SLFDO UHIUDFWRU\ HOHPHQW DUH GLIIHUHQW IURP WKDW RI YRODWLOH
UDGLRQXFOLGHVOLNHFDHVLXPDQGVWURQWLXPDOWKRXJKSOXWRQLXPKDGEHHQGHULYHGIURPWKHVDPHVRXUFH,QDGGLWLRQ
WKHWHPSRUDOYDULDWLRQRIWKHXUDQLXPFRQFHQWUDWLRQVLQWKHGHSRVLWHGPDWHULDOVLQ$NLWDVHHPVWRFRUUHODWHZLWKWKDW
RI WKH PRQWKO\ SOXWRQLXP GHSRVLWLRQ LQ 7RN\R 7KH UHVXOW VXJJHVWV WKDW D SRVVLEOH VRXUFH RI XUDQLXP LV WKH
WKHUPRQXFOHDU H[SORVLRQV EHFDXVH XUDQLXP LV UHIUDFWRU\ DV GRHV SOXWRQLXP$OWKRXJK WKH WHPSRUDO YDULDWLRQV RI
&V6UDQGSOXWRQLXPDUHQRWDOZD\VFRUUHVSRQGLQJZLWKWKDWRIXUDQLXPLVRWRSHUDWLRVDVPHQWLRQHGDERYHWKH
N88YDOXHLQWKH$NLWDGHSRVLWV)LJDVXJJHVWVRFFXUUHQFHRIWKHGHSRVLWLRQRI'8LQPLGZKLFK
FRLQFLGHVZLWKORZHU88UDWLRLQWKHDUFKLYHGKHUEDJHVDPSOH:DUQHNHHWDO7KHVHILQGLQJVVXJJHVW
WKDW XUDQLXP GHSOHWHG LQ 8 KDV SUREDEO\ EHHQ WUDQVSRUWHG WRJHWKHU ZLWK WKH QXFOHDU ERPEGHULYHG SOXWRQLXP
WKURXJKWKHVWUDWRVSKHUHDQGGHSRVLWHGJOREDOO\
&RQFOXVLRQV
7KH XUDQLXP LVRWRSHPHDVXUHPHQWV UHYHDOHG WKDW WKH YDULDELOLW\ RI 88 UDWLRV H[FHHGLQJ QDWXUDO YDULDWLRQ
H[LVWLQWKHDWPRVSKHULFGHSRVLWLRQVDPSOHV7KHDQRPDORXVXUDQLXPVOLJKWO\GHSOHWHGLQ8KDVEHHQIRXQGLQWKH
VRPHDWPRVSKHULFGHSRVLWLRQVDPSOHVFROOHFWHG LQ$NLWD LQPLG7KHXUDQLXPGHSOHWHG LQ8KDVSUREDEO\
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EHHQ LQMHFWHG LQWR WKHDWPRVSKHUH WRJHWKHUZLWKSOXWRQLXPE\ WKH ODUJHVW&KLQHVHQXFOHDU WHVWVFRQGXFWHGRQWK
1RYHPEHUDQGGLUHFWO\WUDQVSRUWHGQRWRQO\WR-DSDQEXWDOVRZRUOGZLGHWKURXJKWKHVWUDWRVSKHUH2XUUHVXOWV
WKXV GHPRQVWUDWH WKDW '8 HPLWWHGZLWK ILQH KRW SDUWLFOHV E\ ODUJH \LHOG WKHUPRQXFOHDU WHVW H[SORVLRQV KDG EHHQ
WUDQVSRUWHGJOREDOO\WKURXJKWKHVWUDWRVSKHUHLQWKHV7KHQWKHSRVVLELOLW\RIWKHJOREDOIDOORXWRI'8LQWKH
ODWHVZKLFKKDGEHHQVXJJHVWHGE\:DUQHNHHWDOZDVFRQILUPHG

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